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© Method of measuring delay time In semiconductor device. 



© A method of measuring a delay time in a semi- 
conductor device which has a particular circuit 
(104:202,203,204,205) subject to delay time mea- 
surement, a test circuit (105; 209,210) coupled to an 
input terminal (101c; 201c,201d) of the particular 
circuit for bypassing the particular circuit, and a 
selector (103; 208) for selectively outputting either 
an output signal from the particular circuit or an 
output signal from the test circuit. The method in- 
cludes the steps of: coupling an input signal gener- 
ator (1) to the common input terminal (101c) and 
applying a test signal to both the particular circuit 
and the test circuit, coupling an output signal deter- 
mination circuit (2) to an output terminal of the 
selector (103), detecting a signal on the output termi- 
nal of the selector, measuring the respective delay 
times occurring when the test signal passes through 
the particular circuit (104) and through the test circuit 
(105) by the input signal generator and the output 
signal determination circuit by switching the selector 
(103), and obtaining a delay time in the particular 
circuit by subtracting one of the delay times from 
the other. The delay time only in the particular circuit 
can be accurately measured without being influ- 
enced by a delay time occurring in the measurement 



equipment. 



FIG. 3 



105 104 



IOlc v 



a / □ 



-lOlo 



DRIVER 




102 



(Olb 



COMPARATOR 



Rank Xerox (UK) Business Services 

13. 10/3.09/3.3.4) 



1 



EP 0 645 638 A1 



2 



BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention relates to a semiconductor de- 
vice, and more particularly to a semiconductor de- 
vice having a circuit for measuring a delay time of 
a particular semiconductor circuit formed in the 
semiconductor device. The invention also relates to 
a method of measuring a delay time occurring in 
such semiconductor device. 

(2) Description of the Related Art 

Fig. 1 shows a conventional timing correction 
system which has been proposed to correct a 
phase shift caused by a delay time occurring be- 
tween input and output terminals of various kinds of 
circuits formed in a semiconductor device. The 
timing correction system shown in Fig. 1 includes 
an input signal generation circuit 1 (hereinafter 
called a "driver 1") having timing correction ar- 
rangements, an output signal determination circuit 
2 (hereinafter called a "comparator 2"), and a logic 
test input/output terminal 6 (hereinafter called a 
"logic test I/O pin 6") which is provided on a test 
board 5 and connected to both of the driver 1 and 
the comparator 2 in parallel through switches 3 and 
4, whereby the phase shift (hereinafter called a 
"skew") is corrected. 

More specifically, the driver 1 includes a timing 
generator 7, a clock distributor 8, a clock selector 
9, a signal wave modulator 10, an inter-pins timing 
adjustment circuit 11, a drive circuit (DR) 12, a 
skew register 13, and a D/A converter 14. On the 
other hand, the comparator 2 includes a strobe 
distributor 15, a strobe selector 16, a comparator 
17, a high level comparator (CMP) 18, a low level 
comparator 19, skew registers 20, D/A converters 

21, a high level inter-pins timing adjustment circuit 

22, and a low level inter-pins timing adjustment 
circuit 23. 

Timing correction in accordance with this con- 
ventional timing correction system will be conduct- 
ed as follows. First, the logic test I/O pin 6, here a 
standard I/O pin, on the test board 5 is connected 
to the respective driver 1 and comparator 2 through 
switches such as relay means. When correction is 
made on the driver 1, the standard I/O pin 6 is 
switched to be connected to the comparator 2 and 
all of the other I/O pins (not shown) are respec- 
tively switched to be connected to the drivers 1. 
The phase shift of signals appearing on the respec- 
tive I/O pins connected to the drivers 1 against the 
standard clock is measured as the delay time. A 
central processing unit (hereinafter called a "CPU") 
converts the measured delay time into correction 
data to be applied to the timing correction arrange- 



ments. The correction data is transmitted to the 
timing correction arrangements so that the neces- 
sary skew adjustment is performed. Conversely, 
when correction is made on the comparator 2, the 

5 standard I/O pin is connected to the driver 1 while 
the other I/O pins are connected to the compara- 
tors 2, whereby a skew adjustment may be per- 
formed on the comparator 2 in the same way as 
has been done on the driver 1. 

70 This method was intended to provide a timing 
consistency between respective inter-terminals, in- 
ter-modulations, and inter-clocks of the driver and 
the comparator. However, since a delay time be- 
tween the driver and the comparator is not taken 

75 into consideration in the conventional system, there 
is a problem that an accurate test for high speed 
logic operations cannot be performed. 

To solve such a problem, it has been proposed 
a test device with a standard comparison circuit 

20 and standard comparison terminals therefor as dis- 
closed in Japanese Patent Application Kokai Pub- 
lication No. Sho 61-6836. Fig. 2 shows a schematic 
block diagram of the device in which a standard 
comparison circuit 30 and standard comparison 

25 terminals 31 are additionally provided. The stan- 
dard comparison circuit 30 includes comparators 
51 and 52, a comparator circuit 53, a strobe distri- 
butor 54, and a timing generator 55. An active input 
signal to be applied to a certain circuit path in a 

30 semiconductor device 40 to be tested and an out- 
put signal from the semiconductor device 40 are 
coupled respectively to the standard comparison 
terminals 31 on a test board 32. A first delay time 
of the operating circuit path is measured by the 

35 standard comparison circuit 30. Then, a second 
delay time of the circuit path of the semiconductor 
device 40 is measured by using the logic test I/O 
pin 6 coupled to the driver 1 and the comparator 2 
as shown in Fig. 1, which have timing correction 

40 arrangements. The CPU converts the difference 
between the first delay time and the second delay 
time into the data suitable for the timing correction 
arrangements. The converted data is transmitted to 
the skew registers 13 and 20 and subjected to D/A 

45 conversion in the D/A converters 14 and 21. Thus, 
timing corrections on all the terminals are com- 
pleted and a timing difference between the driver 1 
and the comparator 2 can also be corrected. 

The above improved conventional test device, 

so however, has the following deficiencies. First, as far 
as the delay time occurring between the driver and 
the semiconductor device and the delay time oc- 
curring among circuits in the semiconductor device 
are concerned, they can be completely corrected. 

55 However, as to the delay time due to signal paths 
from the output of the semiconductor device to the 
comparator, since these signal paths are not the 
same, an error may be introduced between the 
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standard comparison circuit and the comparator so 
that the accuracy of measurement inevitably dete- 
riorates. Second, since this kind of timing correc- 
tion is performed on a particular signal wave, an 
error may be introduced in signals which have 
never been subjected to such timing correction. 
Third, since the measurement accuracy of the driv- 
er or the comparator changes with time, the accu- 
racy will be degraded as time goes by even if the 
timing remains accurate just immediately after the 
correction is performed. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present inven- 
tion to provide a semiconductor device wherein the 
accuracy of measurement may be improved by 
reducing the influence of a delay time occurring at 
the side of the measurement equipment. 

It is another object of the present invention to 
provide a method which is capable of accurately 
measuring a delay time of a semiconductor device 
wherein an influence of a delay time occurring at 
the side of the measurement equipment may be 
eliminated. 

According to the present invention, in a semi- 
conductor device having a particular circuit subject 
to a delay time measurement, there are provided a 
test circuit coupled to an input terminal of the 
particular circuit, for bypassing the particular cir- 
cuit, and a selector for selectively outputting either 
one of a signal on an output terminal of the particu- 
lar circuit and a signal on an output terminal of the 
test circuit. 

Further, according to a method of the present 
invention, the method of measuring a delay time of 
a semiconductor device having the above men- 
tioned particular circuit which is subject to a delay 
time measurement, a test circuit, and a selector 
comprises the steps of coupling a driver to an input 
terminal which is commonly connected to both the 
particular circuit and the test circuit so that a cer- 
tain signal is inputted to both the particular circuit 
and the test circuit through the common input 
terminal, coupling a comparator to an output termi- 
nal of the selector so that a signal on the output 
terminal of the selector is detected, measuring de- 
lay times occurring in the particular circuit and the 
test circuit by the driver and the comparator by 
switching the selector, and obtaining a delay time 
occurring in the particular circuit by subtracting one 
of the delay times from the other. 

A control terminal for switching connections is 
provided in the selector. The control terminal is 
connected to a part of terminals of the semicon- 
ductor device. The selector is switched in accor- 
dance with an external control signal applied 
through the part of the terminals, whereby delay 



times occurring when a certain signal passes 
through the particular circuit or the test circuit may 
be measured respectively. 

The delay time occurring when a signal passes 

5 through the particular circuit to be tested may be 
defined as a first delay time, while the delay time 
occurring when the signal passes through the test 
circuit may be defined as a second delay time. By 
subtracting one, between the first and second de- 

w lay times, from the other, the delay time occurring 
between the driver and the semiconductor device 
and the delay time occurring between the semicon- 
ductor device and the comparator cancel each oth- 
er so that the delay time occurring only in the 

15 particular circuit to be tested or the test circuit may 
be measured. If the delay time in the test circuit is 
made as short as possible in comparison with the 
delay time in the particular circuit, it is possible to 
measure a substantially exact value of the delay 

20 time occurring in the particular circuit to be tested. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 
25 vantages of the present invention will be apparent 
from the following description of preferred embodi- 
ments of the invention explained with reference to 
the accompanying drawings, in which: 

Fig. 1 is a block diagram showing a conventional 
30 timing correction system; 

Fig. 2 is a block diagram showing a conventional 
system for correcting a delay time; 
Fig. 3 is a block diagram showing a system of a 
first embodiment of the present invention; and 
35 Fig. 4 is a block diagram showing a system of a 
second embodiment of the present invention. 

PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

40 

Now, preferred embodiments of the invention 
will be described with reference to the accompany- 
ing drawings. 

Fig. 3 is a block diagram showing an embodi- 

45 ment of the present invention. A plurality of input 
and output pads 101 are arranged in the periphery 
of a semiconductor device 100 and an internal 
circuit 102 is arranged in the center thereof. Input 
and output terminals of the internal circuit 102 are 

50 connected or coupled to the input and output pads 

101, respectively. In addition to the internal circuit 

102, a selector 103 is provided to selectively output 
as an output signal one of a plurality of input 
signals inputted thereto. The output signal is se- 

55 lected in accordance with a selection control signal 
which is externally applied. In this embodiment, the 
selector 103 has two input terminals 103c and 
103d, and one output terminal 103a. The output 
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terminal 103a of the selector 103 Is connected to 
an output pad 101a. The external selection control 
terminal 103b of the selector 103 is connected to 
an input pad 101b. An input terminal of a particular 
circuit 104 (a path) to be tested formed in the 
internal circuit 102 is connected to an input pad 
101c, and an output terminal thereof is connected 
to one of the input terminals, that is, the input 
terminal 103c of the selector 103. Also, a test 
circuit 105 (a path) for bypassing the particular 
circuit 104 to be tested is provided and connected 
between the input pad 101c and the other input 
terminal, that is, the input terminal 103d of the 
selector 103. 

In the semiconductor device described above, 
when the delay time occurring in the particular 
circuit 104 to be tested is measured, the driver 1 is 
connected to the input pad 101c so that the gen- 
erated signal is applied to both the particular circuit 
104 to be tested and the test circuit 105 through 
the common input pad 101c. The comparator 2 is 
connected to the output pad 101a and, thus, the 
output signal from the selector 103 is applied to the 
comparator 2 so that the delay time may be mea- 
sured. The comparator 2 provides the selector 103 
with the selection control signal through the input 
pad 101b. The selection control signal selects one 
of the two input signals as an output signal. 

The driver 1 and the comparator 2 shown in 
Fig. 1 may be used in this embodiment. 

After the completion of hard-wiring in the this 
manner, a certain test signal generated by the 
driver 1 is applied through the common input pad 
101c. In this event, the comparator 2 generates 
such selection control signal that the output of the 
particular circuit 104 to be tested is selected as an 
output of the selector 103. Thus, the signal applied 
via the input pad 101c passes through the particu- 
lar circuit 104 to be tested and is selected to be an 
output by the selector 103. The output of the 
selector 103 is applied to the comparator 2 through 
the output pad 101a. The comparator 2 measures 
the delay time occurring in this event. The delay 
time measured in this event will be equal to the 
summation of three delay times, namely, the delay 
time occurring between the driver 1 and the input 
of the semiconductor device 100, the delay time 
occurring in the particular circuit 104 to be tested 
within the semiconductor device 100, and the delay 
time occurring between the output of the semicon- 
ductor device 100 and the comparator 2. 

Next, in accordance with the selection control 
signal generated by the comparator 2, the selector 
103 is switched to select an input signal applied 
from the test circuit 105 as an output of the selec- 
tor 103. Similarly as described above, the test 
signal generated by the driver 1 is applied to the 
common input pad 101c of the semiconductor de- 



vice 100. In this case, the test signal passes 
through test circuit 105 and the selector 103, and is 
outputted via the output pad 101a to the compara- 
tor 2, whereby the delay time occurring when the 

5 signal passes through this path, that is, the test 
circuit 105 is measured. The delay time measured 
by the comparator 2 in this event will be equal to 
the summation of the three delay times, namely, 
the delay time occurring between the driver 1 and 

io the input of the semiconductor device 100, the 
delay time occurring in the test circuit 105 within 
the semiconductor device 100, and the delay time 
occurring between the output of the semiconductor 
device 100 and the comparator 2. 

75 The summations of the delay times occurring 

between the driver 1 and the input of the semicon- 
ductor device 100 in both of the above mentioned 
two events should be the same, and the summa- 
tions of the delay times occurring between the 

20 output of semiconductor device 100 and the com- 
parator 2 in both of the above mentioned two 
events should be the same. Accordingly, if subtrac- 
tion is made between the delay time measured in 
the former event and the delay time measured in 

25 the latter event, the resultant value should be equal 
to the difference between the delay time in the 
particular circuit 104 to be tested and the delay 
time in the test circuit 105. Thus, the influence of 
the delay time occurring in the driver 1 and the 

30 comparator 2 may be eliminated. This makes it 
possible to measure the delay time only in the 
particular circuit accurately without being influ- 
enced by the fidelity of these driver and compara- 
tor. 

35 Generally, if the test circuit 105 is designed to 

have a length as short as possible, the above 
mentioned difference between the two delay times 
may result in being the same as the delay time in 
the particular circuit 104 to be tested. This is 

40 because the delay time in the test circuit 105 can 
be made sufficiently short compared with the delay 
time in the particular circuit 104 to be tested. 

Fig. 4 is a circuit block diagram showing the 
second embodiment of the present invention. In 

45 this embodiment, the present invention is applied 
to a semiconductor memory device, whereby the 
accuracy in measuring the access time is im- 
proved. A semiconductor memory 200 includes a 
plurality of input and output pads 201 arranged in 

50 the periphery thereof and a memory cell array 202 
capable of storing a certain amount of information. 
Also, the semiconductor memory 200 includes a 
word selection circuit 203 for accessing to the 
memory cell array 202, a digit selection circuit 204, 

55 a read/write circuit 205 for writing information into 
the memory cell array 202 and reading information 
from the memory cell array 202, a read/write con- 
trol circuit 206 for controlling the read/write circuit 
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205, and an output circuit 207 for outputting the 
read information. 

In addition to the above circuit configuration, a 
selector 208 having three input terminals 208c, 
208d and 208e, and one output terminal 208a is 5 
provided. The output terminal 208a and a selection 
control terminal 208b are connected to an output 
pad 201a and an input pad 201b, respectively. The 
first input terminal 208e is connected to an output 
terminal of the output circuit 207. An input pad w 
201c with which an input terminal of the word 
selection circuit 203 is connected is connected to a 
word test circuit 209 for bypassing the word selec- 
tion circuit 203 and the memory cell array 202. The 
output of the word test circuit 209 is connected to 75 
the second input terminal 208d of the selector 208. 
Similarly, an input pad 201 d with which an input 
terminal of the digit selection circuit 204 is con- 
nected is connected to a digit test circuit 210 for 
bypassing the digit selection circuit 204 and the 20 
memory cell array 202. The output of the digit test 
circuit 210 is connected to the third input terminal 
208c of the selector 208. 

The input pad 201c connected to the word 
selection circuit 203 and the input pad 201 d con- 25 
nected to the digit selection circuit 204 are respec- 
tively connected to the drivers 1. The output pad 
201a and the input pad 201b with which the selec- 
tor 208 is connected are connected to the com- 
parator 2. 30 

In accordance with the selection control signal 
from the comparator 2, the first input 208e of the 
selector 208 may be selected. Thereafter, certain 
test signals from the drivers 1 are applied to the 
input pads 201c and 201 d. Then, the word selec- 35 
tion circuit 203 and the digit selection circuit 204 
are driven and the read/write control circuit 206 is 
driven by a read/write selection signal generated 
from a signal source (not shown). This makes it 
possible to read signals from the memory cell 40 
array 202 or write signals into the memory cell 
array 202. The read signal or written signal passes 
through the output circuit 207 and the selector 208 
and is outputted via the output pad 201a and is 
applied to the comparator 2. Thus, the delay time 45 
occurring when the signal passes through a path 
from the driver 1 to the comparator 2 through the 
semiconductor memory device 200 may be mea- 
sured. 

Next, one input out of the second and third 50 
inputs 203d and 203c may be selected in accor- 
dance with the selection control signal from the 
comparator 2 and similar measurement of the de- 
lay time is performed. By this measurement, the 
delay time occurring when the signal from the 55 
driver 1 passes through the input pad 201c or 201 d 
and the test circuits 209 or 210 and the selector 
208 and is outputted via the output pad 201a and is 



applied to the comparator 2 may be measured. If 
the latter delay time is subtracted from the former 
delay time, the delay time occurring from the driver 
1 to the semiconductor memory device 200 and 
the delay time occurring from the semiconductor 
memory device 200 to the comparator 2 cancel 
each other in the same way as in the first embodi- 
ment. Consequently, the difference between the 
delay time occurring when the accessing to the 
memory cell array 202 takes place and the delay 
time occurring when the signal passes through the 
test circuit 209 or 210 may be obtained. 

If the test circuits 209 and 210 are so designed 
that the delay times occurring in the test circuits 
209 and 210 are made as short as possible com- 
pared with the other delay time, the other delay 
time may be recognized as the delay time in the 
accessing of the semiconductor memory device 
200. Thus, this makes it possible to perform an 
accurate measurement of the delay time indepen- 
dent of the driver 1 and the comparator 2. 

As described above, according to the present 
invention, there are provided a particular circuit 
subject to delay time measurement, a test circuit 
coupled to an input terminal of the particular circuit 
for bypassing the particular circuit, and a selector 
for selectively outputting either one of a signal from 
the particular circuit and a signal from the test 
circuit. Thus, a delay time occurring in the particu- 
lar circuit is compared with a delay time occurring 
in the test circuit and the difference between them 
is provided so that an accurate measurement of 
delay time may be performed without suffering 
from influence of a delay time in the measurement 
equipment. 

Further, according to a method of the present 
invention, the method includes a step of measuring 
delay times occurring in the particular circuit to be 
tested and the test circuit by means of the driver 
and the comparator with the selector switched and 
a step of providing the delay time occurring only in 
the particular circuit on the basis of the difference 
between the two delay times. By this arrange- 
ments, both of the delay time in the particular 
circuit and the delay time in the test circuit are 
instantaneously measured so that an accurate de- 
lay time only in the particular circuit may be mea- 
sured by eliminating influence of the delay times 
occurring in the driver and the comparator. 

While the invention has been described in its 
preferred embodiments, it is to be understood that 
the words which have been used are words of 
description rather than limitation and that changes 
within the purview of the appended claims may be 
made without departing from the true scope of the 
invention as defined by the claims. 
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Claims 

1. A method of measuring a delay time occurring 
in a semiconductor device having a particular 
circuit (104; 202,203,204,205) subject to delay 
time measurement, a test circuit (105; 209,210) 
coupled to an input terminal (101c; 201c,201d) 
of said particular circuit for bypassing said 
particular circuit, and a selector (103; 208) for 
selectively outputting either one of an output 
signal from said particular circuit and an output 
signal from said test circuit, said method char- 
acterized by comprising the steps of: 

coupling an input signal generator (1) to 
said input terminal and applying a test signal 
thereto; 

coupling an output signal determination 
circuit (2) to an output terminal (103a; 208a) of 
said selector and detecting a signal on the 
output terminal of said selector; 

measuring a first delay time occurring 
when said test signal passes through said par- 
ticular circuit by said input signal generator 
and said output signal determination circuit, 
said first delay time being measured while said 
selector is caused to select as its output the 
output signal from said particular circuit in re- 
sponse to a selection control signal externally 
applied to said selector; 

measuring a second delay time occurring 
when said test signal passes through said test 
circuit by said input signal generator and said 
output signal determination circuit, said second 
delay time being measured while said selector 
is caused to select as its output the output 
signal from said test circuit in response to said 
selection control signal; and 

obtaining a third delay time occurring in 
said particular circuit by subtracting said sec- 
ond delay time from said first delay time. 



circuit (2). 

4. The method of measuring a delay time in a 
semiconductor device according to claim 1, 
5 wherein a delay time of said test circuit is so 

designed as to be as short as possible. 
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2. The method of measuring a delay time in a 
semiconductor device according to claim 1, 
wherein said selector (103; 208) includes a 
selection control terminal (103b; 208b) which is 45 
connected to one (101b; 201b) of a plurality of 
input/output terminals (101; 201) of said semi- 
conductor device and which receives said se- 
lection control signal externally applied thereto 
through said one of said plurality of in- so 
put/output terminals. 

3. The method of measuring a delay time in a 
semiconductor device according to claim 2, 
wherein said selection control signal externally 55 
applied to said selection control terminal 
(103b; 208b) of said selector (103; 208) is 
generated by said output signal determination 
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